ABSTRACT
INTRODUCTION
Egypt is a country with about 5000 years of experience in irrigation. Nevertheless, the country s economy suffers from severe salinity problems due to irrigation with low quality water and poor drainage systems.About 33% of the cultivated land are already salinized (Mohamed et al., 2007) .Over coming salt stress becomes the main issue in these regions to secure adequate crop productivity.Among the various compounds which employed for regulating plant growth and productivity, silicon (Si) and salicylic acid (SA) are, also, involved in establishing plants defense mechanisms to confronting various abiotic and biotic stresses (Ma, 2004 and Liang et al., 2005) .
The ability of (Si) to mitigate stresses that associated with salinity in plants is well documented (Ma, 2003 ; Malhotra et al., 2016) ; it could be physiologically by controlling many enzymes activities, inhibiting H 2 O 2 activity and enhancing photosynthetic rate (AlAghabary et al., 2005) or controlling each of K + and Na + uptake and balance (Yeo et al., 1999 and Liang et al., 2005) as well as increasing the plant cell walls components i.e., lignin, cellulose and pectin (Emamet al., 2014) . Hence, Si has vital importance for better plant growth under salinity (Tahir et al., 2006) . Salicylic acid (SA) is considered as multiple abiotic stress tolerance agent (Senaratna et al., 2000) . Exogenous application of (SA)to plants can affect their salt tolerance through participating in the regulation of many plant physiological processes such as ion uptake,cell membranes permeability and photosynthetic rate and content (Barkosky and Einhellig, 1993; Khan et al., 2003; Gunes et al., 2005; Stevens et al., 2006 and Mimouni et al., 2016) as well as increasing the total antioxidant enzymes activity (Eraslan et al., 2007) .Concerning tomato crop, the SA application resulted in enhancement of quantity and quality characters of tomato yield (Javaheri et al., 2012) . However, Mady (2009) reported that the foliar application of SA at 50 ppm with vitamin E has significant and favorable effect on early, total yield and fruits quality parameters of tomato compared with using 100 ppm of SA.Such favorable effects on plants growth and yield could be due to the role of SA in influencing the balances of plant hormones such as auxin, cytokinin and ABA under both normal and saline conditions (Shakirova, 2007) The aim of this study was to monitoring the alleviating effects of silicon (Si) salicylic acid (SA) in addition to their combination on tomato plants cv. ElBasha 1077 irrigated with different water salinity levels.
MATERIALS AND METHODS
Two pot experiments were carried out at the Experimental Farm, Faculty of Agriculture, Damanhour University. Tomato cv. El-basha 1077 was transplanted on 7 th of June and 26 th of May in 2015 and 2016 seasons, respectively. The experimental layout was RCBD in a split-plot arrangementwith three replications. Randomly, salinity treatments (control, 4, 8 and 12 ds m; using NaCl) were randomly distributed in the main plots; whereas, the foliar application of salicylic acid at three levels; 0, 50, 100 ppm namely; control, SA 1 and SA 2 , they applied three times with 10-days interval one week after transplanting, soil application of silicon at three levels applied before transplanting; 0, 200, 400 mg kg soil; as K 2 SiO 3 namely; control, Si 1 and Si 2 and the combined treatments were distributed in the sub-plots. Four weeks old tomato seedlings were transplanted in plastic pots of 35 cm inner diameter filled with 15 kg of sandy loam soil. Fertilization and other agricultural practices were applied as commonly recommended in commercial tomato production.
The measured yield characters were fruits number plant -1 , average fruit fresh and dry weights (gm) and fruits yield plant -1 . While the tomato fruits quality traits were TSS (°Brix) using hand refractometer, fruits titratable acidity (%), vitamin C (mg/100 g f.w.) and fruit lycopene (mg/100 g f.w.) that were estimated as described by Ranganna (1986) . Statistical analysis of the obtained data and comparing means were done using CoStat program (Version 6.4, CoHort, USA, 1998 .
RERSULTS AND DISCUSSION
Irrigation with saline water resulted in significant negative effects on the traits of Magan et al.(2008) ; Ali and Ismail(2014) and Rodriguez-Ortega et al. (2017) who stated that negative reduction in tomato yield and its components due to salinity stress. The general reduction in tomato yield and its components could be derived from the negative relationship between salinity and each of growth and photosynthetic rate (Mozafariyan et al., 2013) . Suchdecline in tomato yield probably wasconsequential result of the reduction of average fruit weight and fruits No. plant -1 (Cuartero and FernandezMunoz, 1999) .
In the contrary, water salinity treatments reflected significant effects on tomato fruits quality traits. Comparisons among the means in Table 2 showed that increasing salinity was associated with increasing TSS, acidity, V.C. and lycopene contents of tomato fruits in both seasons. Application of the highest saline water level (12 dsm -1 ) caused in 38.46%, 35.01%, 32.51% and 78.50%, increments relative to the control, in TSS, acidity, V.C. and lycopene content of tomato fruits, respectively, as an average of both seasons. These increments in quality characters of tomato fruits that irrigated with saline waster could be interpreted as plant defense mechanisms for confronting the resulted oxidative stress and counterbalancing the cells osmotic pressure (Türkan and Demiral, 2009 ). These findings could explain the positive relationship between salinity levels and tomato quality parameters which was found by Del Amor et al. (2001); Magan et al. (2008) and Ali and Ismail (2014) .
The results in Tables 1 and 2 , also, clarified favorable effect of the amendment treatments of Si andSA on tomato yield and fruit quality traits regardless the used salinity level. The results revealed that the treatment of Si 2 +SA 1 showed significant superiority effect on yield and quality of tomato fruit comparing with the other amendment treatments including the control, in both seasons.As an average of both seasons in Table 1 (Table 2) .
Concerning the interaction effect between salinity levels and amendment treatments (Tables 1 and 2) , the results showed significant interaction between the two factors of study for all the studied characters, in both seasons. Moreover, the interaction means comparisons showed that Si 2 +SA 1 treatment gave the highest significant mean values comparing with the other interaction combinations, in both seasons.
When tomato plants irrigated with the highest salinity level (12 dsm -1 ),the average fruits yield plant -1 (192.71%) and number of fruits plant -1 (121.98%) were more pronounced in Si 2 +SA 1 treatment over the control. However, the increment average fruit fresh weight and average fruit dry weight were lesser as 32.69% and 42.70%, respectively. Whereas, under the same interaction combination (Si 2 +SA 1 with 12 dsm -1 salinity level, the average increment percentages were estimated by 22.35, 24.83, 39.17 and 66.50% for TSS, acidity, V.C. and lycopene content, respectively.
The superiority of this combined treatment might be derived from the existence of some kind of synergistic relation between Si 2 and SA 1 that resulted in increasing the components of tomato yield and fruit quality. and Wasti et al. (2017) reported the enhancement effects of both of Si and/or SA on tomato yield and fruits quality traits under normal or salinity stressed conditions. Salehi et al. (2011) stated that the SA application with high level could cause inhibitory effect of treated tomato plants even if under non saline conditions. Moreover, Mady (2009) revealed that the SA foliar treatment at 50 ppm with vitamin E has significant and better effect on tomato yield and fruits quality parameters comparing with using 100 ppm of SA.This enhancement effects of Si and SA could be the sum of increasing the activity of many antioxidant enzymes, inhibiting H 2 O 2 activity in addition to enhancement of chlorophyll content and photochemical efficiency andgoverning uptake and balance of K and Na (Al-Aghabary et al., 2005 and Liang et al., 2005) as a result of using Si application, or due to enhancing of water relations, membrane stabilization and altering the plant hormones such as auxin, cytokinin and ABA as with SA application (Gunes et al., 2005; Stevens et al., 2006 and Shakirova et al., 2007) . It could be concluded that the application of Si in concentration of 400 mg kg -1 soil with foliar application of SA at 50 ppm level may be considered a favorable treatment for the salinity stressed tomato plants cv. ElBasha 1077 to achieve the highest yield with high quality characteristics.
